Introduction: A significant amount of data suggests that water ice is present in variable concentration within the Martian shallow subsurface [1] , [2] . Equatorial regions appear to be depleted in ice, while an ice mantle extends poleward of 30 o [3] . Global roughness measurements suggest topographic relaxation at short wavelengths in mid-latitudes, possibly due to creep of ice-rich regolith [4] ; this creep may also be responsible for the observed north-south asymmetry in slopes [5] . Relaxation of a deformable, presumably ice-rich, regolith layer of approximately 1 km in thickness may explain softened craters at mid to high latitudes [6] . Softened craters are characterized by rounding of the crater rims and by crater slopes that are more convex. Crater softening due to ice-driven creep may vary spatially within a single crater due to temperature variations induced by the angle of insolation. Because creep processes are more rapid at higher temperature, one would expect equator-facing crater slopes to be shallower than pole-facing slopes for low obliquities. In this study we focus on the current obliquity state of Mars in this study -generally applicable to the last 5 Myrs of Martian history. To test the crater slope asymmetry hypothesis, we measured crater slopes in the equatorial and north and south mid-latitude regions of Mars.
Theory: We quantified the effect of ice-rich soil creep on crater slopes using a simple one dimensional model. The relaxation of topography (h) is governed by the thickness, δ , of the ice-rich layer, the surface viscosity ( sfc η ) of the creeping layer, and the local slope as shown in the following equation:
where ρ is the density of the creeping layer and g is gravity. The thickness of the ice-rich layer is defined as the depth at which the viscosity as increased by a factor of e. The viscosity at the surface of the creeping layer is given by
where Q is the activation energy, R is the ideal gas constant, T is the local temperature, φ is the dust fraction, and b is a constant. Both the latitude and the local slope are needed to determine the local temperature. The temperature of a horizontal surface on Mars is assumed to vary linearly with respect to latitude ranging from 220 K at the equator to 160 K at the poles. The local slope modifies this latitudinal varying temperature by ∆T where
In equation 3, γ is latitude and θ is the slope angle. Using equations 1-3 we are able to soften an initial crater profile over time using specified values for latitude, δ , and φ . An example of a modeled topographic profile is shown in figure 1 for a 20 km diameter crater at 30 o latitude with δ = 1000 m over a 5 Myr period.
Notice the pronounced asymmetry in slope that has developed in the final profile due to the hastening of creep on the equator-facing slope (right hand side of crater). To quantify the slope asymmetry we defined the parameter A where (4) S n and S s are the maximum slopes on the north and south faces, respectively and S ave is the average maximum slope for the two faces. A negative value for A indicates that the south face of the crater is steeper in slope than the north face. In the next section, we use the average maximum slopes from the east and west crater faces to calculate S ave using MOLA data. As a reference, the value of A in figure 1 is 0.27. We derived an analytical solution to equation 1 by assuming a constant viscosity difference, between the north and south crater faces. We then determined how slope asymmetry would vary as a function of latitude, as shown in figure 2.
The blue line indicates the analytical solution to equation 1 using the aforementioned assumption whereas the black dots show the results from the full numerical solution. We conclude that the simplified analytical solution is satisfactory in representing how slope asymmetry varies as a function of latitude. The shape of the curve in figure 2 tells us that the temperature at the poles is too cold for flow to occur on either the equator-facing or the pole-facing slope, thus, no asymmetry develops. At mid to low latitudes the regional temperature is high relative to the poles. Also, ∆T is significant due the differences in incident sunlight between the north and south crater faces. This results in the local maximum in asymmetry at 15 o latitude. Finally, near the equator, the angle of incident sunlight is approximately the same for the north and south crater faces so no asymmetry can develop. Next we look for observational evidence of crater asymmetry at various locations on Mars. Method: We analyzed relatively fresh craters ranging from 5 to 20 km in radius located in the mid-latitude northern (~30 o N), equatorial (~0 o ), and mid-latitude southern (~30 o S and ~20 o S) regions of Mars. Radial topographic profiles were taken every 20 degrees, each extending from the center of the crater to just beyond the rim (dotted lines in Figure 3) .
A total of 18 profiles were made: 4 profiles transect the north and south crater faces and 5 profiles transect the east and west faces. The topography was sampled at a resolution of 375 m for all profiles. Next, we find the maximum slope for each profile and average the maximum slopes of the appropriate profiles together to get a value for the slope of a particular crater face. Finally, the crater slope asymmetry is quantified by the parameter A, where A = (S n -S s )/S ew . In this expression S ew is the averaged slope of the east and west faces.
Results: The observed crater slope asymmetry measured using topography is compared with the theoretical solution in figure 4 . The colored dots are measured slope asymmetries for individual craters and the black squares indicate the mean value for a particular latitude region. As shown in this figure, there is no statistically significant slope asymmetry at any of the latitude regions we analyzed. This provides us with an upper limit on the thickness of the creeping ice-rich layer. The black lines in figure 4 show the expected asymmetry signal for a 30 km diameter crater evolving over a 5 Myr period for various creeping layer thicknesses. We conclude that the creeping layer is likely to be less than 1000 m thick; otherwise we would expect to see a more pronounced signal in the data. 
